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[Sedimentological research on Lower Pleistocene meltwater deposits and periglacial sediments of the 
















'LH 5L,OOHU3ODWWH LVW HLQ NODVVLVFKHV 8Q
WHUVXFKXQJVJHELHW IU JOD]LDOH XQG JOD]LÀX
YLDWLOH $EODJHUXQJHQ LP hEHUJDQJVEHUHLFK
GHV |VWOLFKHQ 5KHLQ VRZLH GHV ZHVWOLFKHQ
,OOHUJOHWVFKHUV ,QVEHVRQGHUH GLH KDVODFK
ELV ZUP]HLWOLFKHQ 6FKRWWHU ZXUGHQ LQ GHU
ELVKHULJHQ /LWHUDWXU HLQJHKHQGHQ VHGLPHQ
WRORJLVFKSHWURJUDSKLVFKHQ 8QWHUVXFKXQJHQ
XQWHU]RJHQ XP HLQH ]HLWOLFKH XQG ÀXVVJH





'233/(5  XQG 9,//,1*(5   EH
VFKULHEHQZRUGHQ(VERWVLFKGDKHUDQLP,O
OHU5L*HELHWGLHVH$EODJHUXQJHQHLQJHKHQG







8P HLQH .RQQHNWLRQ EHLGHU *HELHWH ]X HU
P|JOLFKHQ LVW GLH 5L,OOHU3ODWWH LP 5DK
PHQ HLQHU VHSDUDWHQ .DPSDJQH JHRORJLVFK
NDUWLHUW GLH $EODJHUXQJHQ EHSUREW XQG GHU
'DWHQVDW] *,6JHVWW]W YHUZDOWHW ZRUGHQ
=XGHP LVW GLH VWUDWLJUDSKLVFKH *OLHGHUXQJ




VRQGHUH GLH *,6JHVWW]WH '0RGHOOLHUXQJ
QHXH (UJHEQLVVH IU GLH ÀXVVJHVFKLFKWOLFKH
,QWHUSUHWDWLRQ GHU $EODJHUXQJHQ HUEUDFKW
KDW 'LH HKHPDOLJHQ 6HGLPHQWIOOXQJHQ GHU




GHOOLHUW 'LH PHWKRGLVFKHQ *UXQGODJHQ VLQG
DXVIKUOLFK LQ %(&.(5+$80$11  GLH






QHQHQ SHWURJUDSKLVFKHQ XQG VHGLPHQWRORJL
VFKHQ'DWHQ IU GLH ELEHU ELV JQ]]HLWOLFKHQ
6FKPHO]ZDVVHUVHGLPHQWHYRUJHVWHOOW'DV8Q
WHUVXFKXQJVJHELHW OLHJW ]ZLVFKHQ GHQ 6WlGWHQ







)U GDV 5L,OOHU*HELHW H[LVWLHUHQ ]DKOUHLFKH
VWUDWLJUDSKLVFKH *OLHGHUXQJHQ XQG $OWHUV]X
RUGQXQJHQ GHU SOHLVWR]lQHQ $EODJHUXQJHQ
7DE  DXV GHQHQ VLFK HLQH 7HUUDVVHQVWUDWL
JUDSKLHGHU5HJLRQHUJLEW7DE6RZHUGHQ
GLH 6FKRWWHUYRUNRPPHQ GHV (UOHQPRRVHU
XQG (URO]KHLPHU 5LHGHOV GHV +HJJEDFKHU
XQG GHV +RO]VW|FNH)HOGHV $EE  YRQ
3(1&. 	 %5h&.1(5  DOV bOWHUH




+RO]VW|FNH XQG +HJJEDFKHU )HOGHV ZHUGHQ
YRQ GHQ OHW]WJHQDQQWHQ %HDUEHLWHUQ LQ GDV
0LQGHOJOD]LDO JHVWHOOW 'HU (UOHQPRRVHU XQG
(URO]KHLPHU6FKRWWHUULHGHOZHUGHQVHLW*5$8/
  DOV GRQDX]HLWOLFK HLQJHRUGQHW
'DV YRQ LKP DOV GRQDX]HLWOLFK DXVJHZLHVHQH
+HJJEDFKHU)HOGZLUGYRQ6&+b'(/	:(51(5
 DOV JQ]]HLWOLFK DQJHVHKHQ'DV+RO]
VW|FNH)HOGZLUGYRQ*5$8/GHP*Q]
]XJHRUGQHW'LHVHVWUDWLJUDSKLVFKH=XRUGQXQJ
ZLUG LQ GHU /LWHUDWXU ELV KHXWH HLQJHKDOWHQ
HEHQVRZLHGLH6WHOOXQJGHV.HOOPQ]HU)HOGHV
LQGDV'RQDXJOD]LDO/g6&+(5XQGGLHGHU
:DOSHUWVKRIHQHU 6FKRWWHUDQK|KH LQ GDV *Q]
+$$*'LH6FKRWWHUN|USHUYRQ,OOHUULH
GHQXQG'RUQGRUIZHUGHQYRQ6&+b'(/
LQ GDV0LQGHO , XQG *Q] ,, JHVWHOOW *5$8/
 VLHKW GHQ ,OOHUULHGHQHU 6FKRWWHUN|USHU














/g6&+(5  VWHOOW GDV +RO]VW|FNH)HOG
GLH ,OOHUULHGHQHU XQG 'RUQGRUIHU 6FKRWWHU
N|USHU ]X XQWHUVFKLHGOLFKHQ 1LYHDXV YRQ
=ZLVFKHQWHUUDVVHQVFKRWWHUQGLH]XPJU|WHQ
7HLOGHP*Q]]XJHRUGQHWZHUGHQ$XI*UXQG
GHV )HKOHQV YRQ 'RORPLWJHU|OOHQ GLH IU
JOD]LÀXYLDWLOH $EODJHUXQJHQ GHV 1|UGOLFKHQ









/LHJHQGID]LHV  YRQ '233/(5  DOV
bOWHVWH 3HULJOD]LDOVFKRWWHU LQ 0RODVVHNULV
WDOOLQID]LHV EH]HLFKQHW  VWHKW XQWHU GHQ DOV
GRQDX]HLWOLFKHLQJHVWXIWHQ6HGLPHQWHQDQ6LH
LVWQDFK6,11HLQ$XIDUEHLWXQJVSURGXNW
DXV GHU$GHOHJJ GDV YRQ HLQHU SHULJOD]LDOHQ
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 1RUG    6G 1RUG 
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WHU ZHUGHQ YRQ (%(5/  LQ GDV 3OLR]lQ
JHVWHOOWXQGDOV2WWREHXUHU6FKRWWHUEH]HLFKQHW






GHXWOLFKW GLH ELVKHULJHQ 6FKZLHULJNHLWHQ EHL
GHUVWUDWLJUDSKLVFKHQ=XRUGQXQJGHUÀXYLDWLOHQ
$EODJHUXQJHQLP5DXPVGOLFKYRQ8OPXQG
GLH bQGHUXQJHQ LP 9HUODXIH GHU IRUWVFKUHL
WHQGHQ )RUVFKXQJVWlWLJNHLW 'LH YRUOLHJHQGHQ
8QWHUVXFKXQJHQ VROOHQ HLQHQ %HLWUDJ OLHIHUQ
GLHIUDJOLFKHQ6HGLPHQWHPLWGHQ$EIROJHQGHV
,OOHUJOHWVFKHUJHELHWHV ]X NRUUHOLHUHQ XQG HLQH
OLWKRVWUDWLJUDSKLVFKH8QWHUJOLHGHUXQJDQ]XELH
WHQGLHQHXH(UNHQQWQLVVH]XU*HRPHWULHXQG
OLWKRORJLVFKHQ &KDUDNWHULVWLN GHU 3DOlRWlOHU
EHUFNVLFKWLJW'LHVHUIROJWDXFKYRUGHP+LQ
WHUJUXQGQRFKRIIHQHUVWUDWLJUDSKLVFKHU)UDJHQ
GLH QDFKIROJHQG VNL]]LHUWZHUGHQ XQG ELVODQJ
GLH.RUUHODWLRQYRQSOHLVWR]lQHQ$EIROJHQGHV
QRUGZHVWOLFKHQ PLW GHQHQ GHV QRUG|VWOLFKHQ
$OSHQYRUODQGHVHUVFKZHUWKDEHQ
'DV 5L,OOHU*HELHW OLHJW LP *UHQ]EHUHLFK
]ZHLHU GHU]HLW JOWLJHU VWUDWLJUDSKLVFKHU
*OLHGHUXQJHQ ZHOFKH LQVEHVRQGHUH IU GHQ
=HLWUDXPYRUGHP+ROVWHLQ VWDUNGLYHUJLHUHQ
'(876&+( 675$7,*5$3+,6&+( .200,66,21
 /,77 HW DO  'LH IU GDV EDGHQ
ZUWWHPEHUJLVFKH 5KHLQJOHWVFKHUJHELHW HUDU
EHLWHWH 6WUDWLJUDSKLH (//:$1*(5 HW DO 
9,//,1*(5  VWHKW GHUMHQLJHQ IU GDV
ED\HULVFKH $OSHQYRUODQG JHJHQEHU -(5=
'233/(5(LQHDNWXHOOHhEHUVLFKW
6\VWHP, 6\VWHP,, 6WUDWLJUDSKLH
1LHGHUWHUUDVVHQVFKRWWHU 1LHGHUWHUUDVVHQVFKRWWHU   :UP
    7LHIHUHU1LHGHUWHUUDVVHQVFKRWWHU  
    +|KHUHU1LHGHUWHUUDVVHQVFKRWWHU  
+RFKWHUUDVVHQVFKRWWHU +RFKWHUUDVVHQVFKRWWHU   5LVV
 7LHIHUHV1LYHDX  7LHIHUHU+RFKWHUUDVVHQVFKRWWHU  
 +|KHUHV1LYHDX  +|KHUHU+RFKWHUUDVVHQVFKRWWHU  
=ZLVFKHQWHUUDVVHQVFKRWWHU      0LQGHO*Q]
   -QJHUHU'HFNHQVFKRWWHU   0LQGHO+DVODFK
 8QWHUHU=ZLVFKHQWHUUDVVHQVFKRWWHU  7LHIHUHU-QJHUHU'HFNHQVFKRWWHU  0LQGHO
 0LWWOHUHU=ZLVFKHQWHUUDVVHQVFKRWWHU  +|KHUHUMQJHUHU'HFNHQVFKRWWHU  +DVODFK
   bOWHUHU'HFNHQVFKRWWHU   *Q]'RQDX
 2EHUHU=ZLVFKHQWHUUDVVHQVFKRWWHU  7LHIHUHUbOWHUHU'HFNHQVFKRWWHU  *Q]'RQDX
    0LWWOHUHUbOWHUHU'HFNHQVFKRWWHU  *Q]'RQDX
'HFNVFKRWWHU       'RQDX%LEHU
 8QWHUHU'HFNVFKRWWHU  +|KHUHUbOWHUHU'HFNHQVFKRWWHU  'RQDX%LEHU
        
   bOWHVWHU'HFNHQVFKRWWHU   %LEHU
 0LWWOHUHU'HFNVFKRWWHU  7LHIHUHUbOWHVWHU'HFNHQVFKRWWHU  
 2EHUHU'HFNVFKRWWHU  +|KHUHUbOWHVWHU'HFNHQVFKRWWHU  
+RFKVFKRWWHU  +RFKVFKRWWHU    %LEHU3OLR]lQ
        











OLFK XQG |VWOLFK GHU ,OOHU EHUXKHQ X D DXI
GHPYHUVFKLHGHQHQPHWKRGLVFKHQ$QVDW]EHL
GHP LQ %D\HUQ GLH PRUSKRVWUDWLJUDSKLVFKH
8QWHUVXFKXQJ XQG LQ %DGHQ:UWWHPEHUJ
GLH OLWKRVWUDWLJUDSKLVFKH ,QWHUSUHWDWLRQ YRQ
%HFNHQDEIROJHQ LP 9RUGHUJUXQG VWHKW 'LH
EHVRQGHUV LP 2EHUUKHLQWDO*UDEHQ VRZLH LP
+RNLUFKHU%HFNHQ DXIJHIXQGHQHQ6HGLPHQ
WH HUODXEHQ HLQH VHTXHQ]VWUDWLJUDSKLVFKH
*OLHGHUXQJ PLW GHU GXUFK GHQ 1DFKZHLV
OLWKRORJLVFKHU :HFKVHO DXI NOLPDWLVFKH 9HU





'LH ED\HULVFKH4XDUWlUJOLHGHUXQJ EHUXKW DXI
GHU*OLHGHUXQJ YRQ 6FKPHO]ZDVVHUWHUUDVVHQ
ZHOFKH LP*HIROJH GHU NODVVLVFKHQ8QWHUVX
FKXQJHQYRQ3(1&.	%5h&.1(5
]XP 1DFKZHLV LPPHU NRPSOH[HUHQ 7HUUDV




N|USHU GHU GXUFK *OHWVFKHUVFKPHO]ZlVVHU
DXIJHVFKWWHWZRUGHQLVWKHUJHVWHOOW









VFKXEZHLVHQ .UXVWHQEHZHJXQJHQ LP 9HUODXI
GHV4XDUWlULQ9HUELQGXQJJHEUDFKWGLHVROFKH
DXIIDOOHQGHQ )D]LHVZHFKVHO YHUXUVDFKW KDEHQ
N|QQWHQ'LH%H]HLFKQXQJPRUSKRORJLVFKWHN
WRQLVFKH:HQGHKDW6&+/h&+7(5IUGDV
VFKZHL]HULVFKH$OSHQYRUODQG JHSUlJW XP GLH
lOWHUHQ 'HFNHQVFKRWWHU9HUHLVXQJHQ YRQ GHQ











*U|H XQWHUVFKLHGOLFK DXI .OLPDVLJQDOH UHD
JLHUW'HUNOHLQH,OOHUJOHWVFKHUKDWEHLVSLHOVZHLVH
VFKQHOOHUDEHUZHJHQGHVNOHLQHUHQ(LQ]XJVJH
ELHWHV ZHQLJHU DXVJUHLIHQG DXI HLQH .OLPDlQ
GHUXQJDOVGHUGHXWOLFKJU|HUH5KHLQJOHWVFKHU
UHDJLHUW'DGXUFKVLQG=HLWHQPLWGRPLQLHUHQGHU
JOD]LÀXYLDWLOHU $NNXPXODWLRQ RGHU (URVLRQ
VHOEVWEHL]ZHLEHQDFKEDUWHQDOSLQHQ6FKPHO]
ZDVVHUV\VWHPHQ QLFKW ]ZDQJOlX¿J ]HLWJOHLFK






'LH TXDUWlUHQ $EODJHUXQJHQ GHV 8QWHUVX
FKXQJVJHELHWVZXUGHQ LP*HOlQGHJHRORJLVFK
NDUWLHUW XQG GDV 0DWHULDO LQ $XIVFKOVVHQ
VHGLPHQWRORJLVFKSHWURJUDSKLVFK DXIJHQRP
PHQ$Q 6HGLPHQWSUREHQ HUIROJWHQ LP /DERU
ZHLWHUH 8QWHUVXFKXQJHQ EHLVSLHOVZHLVH ]XU
.RUQJU|HQYHUWHLOXQJ 0RUSKRPHWULH 6FKRW
WHUSHWURJUDSKLHXQG]XP6FKZHUPLQHUDOJHKDOW
GHU 6DQGIUDNWLRQ XP GLH $EODJHUXQJVEHGLQ
JXQJHQ VRZLH GDV /LHIHUJHELHW FKDUDNWHUL






YRUOLHJHQGHQ 8QWHUVXFKXQJ LP 9RUGHUJUXQG





]X N|QQHQ ZXUGHQ JHU|OOSHWURJUDSKLVFKH
$QDO\VHQDQ6HGLPHQWSUREHQGXUFKJHIKUW
7DE  3UR 3UREH ZXUGHQ GXUFKVFKQLWWOLFK










GLH )UDNWLRQ  PP )HLQ 0LWWHWONLHV













IDOOHQGH 5HVLGXDWH XQUHLQHU .DONVWHLQH 1XU
GDV.LHVHOJHUVWLVWHUKDOWHQ
II Dolomit
'RORPLW LQ XQWHUVFKLHGOLFKVWHU (UKDOWXQJ YRQ
OHLFKW YHUZLWWHUWHQ *HU|OOHQ ELV ]X VWDUN VDQ
GHQGHQOHLFKW]HUIDOOHQGHQVRJHQDQQWHQ'ROR
PLWDVFKHQ)(=(5
III Sandstein und Konglomerat
6DQGVWHLQ)HLQELVPLWWHON|UQLJH6DQGVWHLQH
XQG .RQJORPHUDWH ] 7 VWDUN NDUERQDWLVFK




.ULVWDOOLQH  0HLVW KHOOH *QHLVH XQG GXQNOH
$PSKLEROLWHVRZLH(SLGRW&KORULW*OLPPHU
6FKLHIHU XQG KHOOJUQZHL JHElQGHUWH (SL















1DFK GHQ 8QWHUVXFKXQJHQ YRQ :(</ 
ZXUGHQ LP 5L,OOHU*HELHW HUQHXW V\VWHPDWL
VFKH6FKZHUPLQHUDODQDO\VHQGXUFKJHIKUWXP
HUJlQ]HQGH ,QIRUPDWLRQHQ EHU GLH +HUNXQIW
XQG 7UDQVSRUWULFKWXQJ GHU 6HGLPHQWH ]X HU
KDOWHQ7DE'D]XZXUGHDQ3UREHQGLH
.RUQJU|HQIUDNWLRQ ± PP DEJHVLHEW
XQG 0LQXWHQ ODQJPLW LJHU 6DO]VlXUH
JHNRFKW 'DGXUFK ZHUGHQ (LVHQK\GUR[LGYHU
NUXVWXQJHQ EHVHLWLJW GLH GLH VSlWHUH$QDO\VH









KlUWXQJ XQG5HLQLJXQJ GHU 3UlSDUDWH HUIROJWH
GLH SRODULVDWLRQVRSWLVFKH %HVWLPPXQJ YRQ






















5DGLRODULW NRPPHQ ZlKUHQG NDUERQDWLVFKH
*HU|OOH .DONVWHLQ 'RORPLW VWDUN NRUURGLHUW
RGHUDXIJHO|VWVHLQN|QQHQ
hEHU GHQ$QWHLO DQ .LHVHOVNHOHWWHQ NDQQ QXU
QlKHUXQJVZHLVH DXI GHQ SULPlUHQ *HKDOW
YRQ .DUERQDWHQ JHVFKORVVHQ ZHUGHQ %H
UHFKQXQJHQ GHV XUVSUQJOLFKHQ $QWHLOV YRQ
.DUERQDWJHU|OOHQ ZLH VLH 9,//,1*(5 
IU GLH 6HGLPHQWH GHU 5HVWVFKRWWHU LP 5DXP
(KLQJHQ5RWWHQDFNHU GXUFKIKUW HUVFKHLQHQ
SUREOHPDWLVFKGDGHU$QWHLOY|OOLJDXIJHO|VWHU
.DUERQDWH QLFKW LQ GLH .DONXODWLRQ HLQJHKW









WHVWHQ 3HULJOD]LDOVFKRWWHUV %H]HLFKQXQJ QDFK
'233/(5  NULVWDOOLQH /LHJHQGID]LHV QDFK




QDX  ]XJHUHFKQHW ZHUGHQ $EE :lK










































EROLWHQ JHSUlJW GDQHEHQ ¿QGHQ VLFK (SLGRW
&KORULWVFKLHIHUPLW 'HU$QWHLO DQ (SL
GRW&KORULWVFKLHIHUQEHWUlJWLQGHUJOD]LÀXYLD
WLOHQ+DQJHQGID]LHVGHPJHJHQEHUQLFKWPHKU
DOV 'HU YRQ*(,*(5  XQG /g6&+(5
 DQJHIKUWH KRKH $QWHLO KHOOHU *QHLVH
DXVGHP6LOYUHWWD*HELHWZLUGGXUFKGLHHLJH
QHQ$QDO\VHQEHVWlWLJW
'LH 8QWHUVXFKXQJHQ LQQHUKDOE GHV 'RQDX
1LYHDXV ]HLJHQ GDVV GDV .ULVWDOOLQVSHNWUXP
ZHLWDXV GLIIHUHQ]LHUWHU LVW DOV YRQ *(,*(5
 (,&+/(5  XQG /g6&+(5 
EHVFKULHEHQ 1HEHQ GHQ LQ 7DEHOOH  DQJH
JHEHQHQ *HVWHLQVDUWHQ WUHWHQ 'LDEDVH URWH
*UDQLWH XQG GXQNHOJUQH (SLGRWTXDU]LWH DXI
9HUHLQ]HOW¿QGHQ VLFK URWH*UDQLWHPLW ELV ]X
FP'XUFKPHVVHUZLH VLH LQGHQ MQJHUHQ
PLQGHO]HLWOLFK HLQJHVWXIWHQ 6FKRWWHUQ DOV W\
SLVFKHV 5KHLQJOHWVFKHUPDWHULDO EHVFKULHEHQ
ZHUGHQ *(,*(5  +$$*  6&+$()(5
 'LH TXDOLWDWLYHQ 8QWHUVXFKXQJHQ YRQ
%(&.(5+$80$11 ]HLJWHQEHUHLWVGDVV
GLHVH .RPSRQHQWHQ HEHQVR LQ SOHLVWR]lQHQ
,OOHUVFKRWWHUQYHUEUHLWHWVLQG1DFK6,11
XQG/g6&+(5  LVW GDV$XIWUHWHQ GHU JH
QDQQWHQ.ULVWDOOLQJHVWHLQHDXI8PODJHUXQJDXV
GHP WHUWLlUHQ +RFKJUDWIlFKHU (VFKDFK.U
QDFKHU:DOG]XUFN]XIKUHQ
,QGHQ6HGLPHQWHQGHV+RFKJUDWIlFKHUVWUHWHQ
EHYRU]XJW KHOOH 0XVNRZLW*QHLVH (%(5+$5'
 +$/'(5  XQG$PSKLEROLWH (%(5
+$5'  +$16(/  DXI ZREHL GLH
$PSKLEROLWHEHUHLWVLP$GHOHJJ*HELHWVWDUNH




8PODJHUXQJ ZXUGHQ GLH *HKDOWH GHU$PSKL
EROLWJHU|OOHZHLWHUUHGX]LHUWVRGDVVKHXWHQXU
:HUWH YRQ  LQ GHQ 6FKPHO]ZDVVHUVFKRW
WHUQ HUUHLFKW ZHUGHQ 7DE  *(,*(5 





]LHV 'RQDX  YRQ *HVWHLQHQ GHU 6LOYUHWWD
'HFNH.ULVWDOOLQGHURVWKHOYHWLVFKHQ'HFNHQ
XQG DXV GHP2VWDOSLQ 6HGLPHQWH GRPLQLHUW
*(,*(59,//,1*(5
'LH JHU|OOSHWURJUDSKLVFKHQ 8QWHUVXFKXQJHQ
LP $UEHLWVJHELHW $EE  ]HLJHQ GDVV HV
LQQHUKDOE GHU XQWHUVXFKWHQ (LQKHLWHQ  GHU
bOWHVWHQ3HULJOD]LDOVFKRWWHUVRZLHGHUJOD]LÀX
YLDWLOHQ)D]LHVDXVGHU'RQDXXQG*Q]HLV]HLW
 ]X HLQHU QXU XQZHVHQWOLFKHQ 9HUJU|HUXQJ
GHV DOSLQHQ (LQ]XJVJHELHWHV YRQ 5KHLQ XQG
,OOHUJOHWVFKHU NDP :HVHQWOLFK LVW GDVV GDV











(LQH SHWURJUDSKLVFKH 'LIIHUHQ]LHUXQJ GHU
JOD]LÀXYLDWLOHQ$EODJHUXQJHQ JHOLQJW HUVW EHL
GHQ KDVODFK XQG PLQGHO]HLWOLFKHQ 6FKRWWHUQ
*5$8/*(,*(5+$$*6&+$(
)(5GHQQGDV]HQWUDODOSLQH*UXQGJHELUJH
ZXUGH GXUFK JOD]LJHQHQ (LQÀXVV ]XQHKPHQG
DEJHWUDJHQ ZDV ]XU OLWKRORJLVFKHQ 9HUlQGH
UXQJGHV/LHIHUJHELHWVIKUWH9,//,1*(5
(LQH ZHLWHUH$XIIlOOLJNHLW GHU +DQJHQGID]LHV
ZHVWOLFK GHV KHXWLJHQ ,OOHUWDOV LVW GDV ZHLW
JHKHQGH )HKOHQ GHV 'RORPLWV  1DFK
'233/(5  ]HLJHQ DXFK GLH HLJHQHQ8Q
WHUVXFKXQJHQGDVVGRUWQXUQRFKJHULQJH5HVWH




'RORPLW LQ$QWHLOHQ YRQ  ELV  (%(5/
(,&+/(55g*1(56,11
'RORPLWHWUHWHQYHUVWlUNWLQKDVODFKXQGPLQ

























ELV IHLQVDQGLJHQ*URENLHVHQ GLHPLW NRUQJH
VWW]WHQ PLWWHOVDQGLJHQ *URE ELV 0LWWHONLH
VHQ ZHFKVHOQ 'DUEHU IROJHQ PLWWHOVDQGLJH
*UREELV0LWWHONLHVH LQ:HFKVHOODJHUXQJPLW
JUREVDQGLJHQ *URENLHVHQ 'LHVH JHKHQ ]XP
+DQJHQGHQ LQ ] 7 VWDUN VFKOXI¿JH )HLQ ELV
0LWWHONLHVH XQGPLWWHO ELV IHLQVDQGLJH*URE
NLHVH PLW YHUHLQ]HOWHQ %ORFNODJHQ EHU 'LH
(QWNDONXQJVWLHIHGHU$EIROJHEHWUlJWHWZDP
GDUXQWHU IROJW LQ XQUHJHOPlLJHU$XVSUlJXQJ
DXI]LUNXOLHUHQGH3RUHQZlVVHUXQGVHNXQGlUH
.DONDXVIlOOXQJ ]XUFNJHKHQG  ]X 1DJHOÀXK




ZDVVHUV ]XUFN]XIKUHQ$XIJUXQG GHU hEHU






REHUHQ VWlUNHU GHQ 9HUZLWWHUXQJVSUR]HVVHQ
DXVJHVHW]WHQ 6FKRWWHUEHUHLFK LVW PLW GHQ9HU
KlOWQLVVHQ GHU DQGHUHQ XQWHUVXFKWHQ 6FKRWWHU
YRNRPPHQYHUJOHLFKEDU




























































































































*HU|OOIUDNWLRQHQ LQ SHWURJUDSKLVFKH *UXSSHQ
JHPl GHU 7DEHOOH  ]XVDPPHQJHIDVVW ]HLJW
VLFK GDVV GHU GXUFKVFKQLWWOLFKH *HKDOW DQ
.DONVWHLQHQ ]X GHQ MQJHUHQ 7HUUDVVHQVFKRW
WHUQ YRQ  bOWHVWHU 3HULJOD]LDOVFKRWWHU
DXI HWZD  *Q]  ]XQLPPW $EE 













EHL GHQ bOWHVWHQ 3HULJOD]LDOVFKRWWHUQ DXI 
EHLGHQ*Q]6HGLPHQWHQDE(LQ7UHQG]X
K|KHUHQ:HUWHQLVWEHLGHP$QWHLOGHU+DUWHQ
]X GHP GHU 6DQGVWHLQH YRQ GHQ DOWHQ ]X GHQ
MXQJHQXQWHUVXFKWHQ7HUUDVVHQVFKRWWHUQ DEOHV
EDUZDV HLQH VWDUNH=XQDKPHGHU+DUWHQ XP
HWZD3UR]HQWSXQNWHHQWVSULFKW
Schwerminerale
'DV 6FKZHUPLQHUDOVSHNWUXP ZLUG EHL GHQ
XQWHUVXFKWHQ$EODJHUXQJHQ YRQ GHU FKDUDNWH
ULVWLVFKHQ DOSLQHQ 6FKZHUPLQHUDODVVR]LDWLRQ
YRQ *UDQDW (SLGRW XQG 6WDXUROLWK GRPLQLHUW
















7HUUDVVHQVHGLPHQWH ]X 'HQQRFK ODVVHQ VLFK
HLQLJH 7HQGHQ]HQ DXV GHQ 'DWHQ DEOHLWHQ ,P
0LWWHO LVW YRQ GHQ' ]X GHQ*6FKRWWHUQ
HLQH $EQDKPH GHV *HKDOWHV DQ JUQHU +RUQ
EOHQGHVRZLHHLQH=XQDKPHGHU6WDXUROLWKXQG
7XUPDOLQDQWHLOH]XYHU]HLFKQHQ$EE7DE
'DV 9HUKlOWQLV YRQ (SLGRW ]X 6WDXUROLWK VLQNW
LQQHUKDOEGHUYLHU(LQKHLWHQYRQDXI'D















HLQH 9HUlQGHUXQJ GHV /LHIHUJHELHWV VWDWWJH











































































































VRZLH GHV ,QQHEHUJ5HLVHQVEXUJHU )HOGHV
HUKDOWHQ$EE'LHDXVVGZHVWOLFKHUE]Z














'UXFN LVW GHU bOWHVWH 3HULJOD]LDOVFKRWWHU PLW
GHP 'RQDX]HLWOLFKHQ '1LYHDX LP /HFKWDO
]X NRUUHOLHUHQ 'LH *HIlOOVZHUWH GHU 'RQDX
GLH UHODWLYHQ$OWHUVEH]JH ]XGHQEHUODJHUQ





3HULJOD]LDOVFKRWWHU ZLUG LQ %(&.(5+$80$11
 LQ YLHU (LQKHLWHQ JHJOLHGHUW GLH HLQH
9HUODJHUXQJ GHV ,OOHUWDOHV QDFK 1RUGZHVWHQ
GRNXPHQWLHUHQ 'LH lOWHVWHQ $EODJHUXQJHQ
GHV 1LYHDXV 'RQDX  VLQG NULVWDOOLQDUP
XQGGRORPLWUHLFK /g6&+(5'LH6FKRW
WHUSHWURJUDSKLH XQG VFKZHUPLQHUDORJLVFKH
=XVDPPHQVHW]XQJ GHU LQ YRUOLHJHQGHU$UEHLW
EHSUREWHQ (LQKHLW 'RQDX  LVW ODWHUDO HLQ





5L*HELHW 'LH lOWHVWHQ 6FKWWXQJHQ 'RQDX
ELV'RQDXVLQGLP*HELHWQ|UGOLFKXQG
|VWOLFKYRQ0HPPLQJHQYHUEUHLWHWXQGEDXHQ
GHQ ÀlFKHQPlLJ GRPLQLHUHQGHQ 7HLO GHV ,O
OHUJOHWVFKHU9RUODQGHVDXI'LHMQJVWH(LQKHLW




















GLH LQ$EELOGXQJ  HLQJH]HLFKQHW VLQG VWHOOHQ
GDKHU5HVXOWDWHGLHVHU'0RGHOOLHUXQJHQXQG











OLFKHQ %HUHLFK GHV +RO]VW|FNH)HOGHV HUKDOWHQ
$EE  'HU7DOYHUODXI LVW KLHU  LP%HUHLFK
]ZLVFKHQ'LHWHQKHLPXQG8OP VLFKHU UHNRQ
VWUXLHUEDU ZlKUHQG GLH ,QIRUPDWLRQHQ ZHLWHU
VGOLFKIUHLQHSDOlRJHRJUDSKLVFKH$XVVDJH]X
VSlUOLFKVLQG(LQ]LJGHU6GVSRUQGHV+RO]VW|










GHU '0RGHOOLHUXQJHQ ]HLJHQ GDVV VLFK GHU
:RUWHOVWHWWHQHU 6FKRWWHU DP 1RUGVSRUQ GHU
=XVDPSODWWH VRZLH HLQLJH9RUNRPPHQ DXI GHU
$LQGOLQJHU7HUUDVVHQWUHSSHPLWGHQ$EODJHUXQ
JHQ GHV$UJHQWDOHVPLW HLQHP*HIlOOH YRQ FD










































































:HVWOLFK XQG |VWOLFK GLHVHU 7HUUDVVH VLQG GLH
*Q]]HLWOLFKHQ9RUNRPPHQDXIGHP+HJJ
EDFKHU )HOG GHP +RO]VW|FNH)HOG XQG GHP
:HLHQKRUQ.LVVHQGRUIHU )HOG HUKDOWHQ 'LH
7lOHU YRQ $UJHQ XQG ,OOHU YHUOLHIHQ YRQHLQ
DQGHU JHWUHQQW XQG PQGHWHQ EHL 8OP E]Z
/HLSKHLP LQ GLH 'RQDX )U GLH VWUDWLJUDSKL
VFKH =XRUGQXQJ LVW GLH UlXPOLFKH %H]LHKXQJ
]XP=HLOHU6FKRWWHUZHVHQWOLFKGDV]XOHW]WYRQ
6&+5(,1(5EHVFKULHEHQXQGDOV7\SUHJL
RQ IU GLH*Q]HLV]HLW YRUJHVFKODJHQZRUGHQ
LVW'HU=HLOHU6FKRWWHUOlVVWVLFKPLWÅPLW
GHQ 9RUNRPPHQ EHL 6FKZHQGL YHUNQSIHQ
MHGRFK EOHLEW ZHJHQ GHU JURHQ (QWIHUQXQJ
EHUGLHLQWHUSROLHUWZHUGHQPXVVHLQHJHZLVVH
8QVLFKHUKHLW EHVWHKHQ 'LH .RUUHODWLRQ VWHKW
MHGRFKLP(LQNODQJPLWGHQhEHUOHJXQJHQYRQ
'233/(5  XQGZLUG DXFK GXUFK GLH JH
U|OOSHWURJUDSKLVFKHQ(UJHEQLVVHGXUFKVFKQLWW
OLFKHU.ULVWDOOLQJHKDOWJHVWW]W
'LH (UJHEQLVVH ]HLJHQ GDVV GLH SHWURJUDSKL
VFKHQ'DWHQGLHJHVFKLOGHUWHÀXVVJHVFKLFKWOLFKH
,QWHUSUHWDWLRQ VWW]HQ XQG LP =XVDPPHQKDQJ
PLW GHQ PRGHOOLHUWHQ 3DOlRWlOHUQ ]X HLQHP
VFKOVVLJHQ %LOG GHU XQWHUSOHLVWR]lQHQ /DQG
VFKDIWVJHVFKLFKWH IKUHQ -HGHVGHU LQGHQ$E




KRPRJHQ LVW (LQH JHJHQVHLWLJH 8QWHUVFKHLG
EDUNHLW GHU JOD]LÀXYLDWLOHQ 7HUUDVVHQVFKRWWHU
DXIJUXQGGHU3HWURJUDSKLHJHOLQJWMHGRFKQLFKW
'HU lOWHVWH 3HULJOD]LDOVFKRWWHU GHU$UJHQVFKW
WXQJLVWJHJHQEHUGHQQDFKIROJHQGHQJOD]LÀX
YLDWLOHQ 7HUUDVVHQVFKRWWHUQ LP 5L,OOHU*HELHW
GXUFK HLQH HLQGHXWLJH6LJQDWXU LP*HU|OO XQG
6FKZHUPLQHUDOVSHNWUXP DXVJH]HLFKQHW (UVW
|VWOLFKHLQHU/LQLH0HPPLQJHQ /HLSKHLP LVW

















DV NH\ IDFWRUV IRU WKH 'PRGHOLQJ RI ÀXYLDO
GHSRVLWV 7UDQVDFWLRQV LQ*,611
%ODFNZHOO
%(&.(5+$80$11 5  $QZHQGXQJHQ GHU
*HRLQIRUPDWLN IU GLH KRFKDXÀ|VHQGH '0R
GHOOLHUXQJÀXYLDWLOHU7HUUDVVHQN|USHU  6
6WXWWJDUW6FKZHL]HUEDUW
%(&.(5+$80$11 5 	 *(57+ $ LP 'UXFN
'0RGHOOLHUXQJ SOHLVWR]lQHU 6FKPHO]ZDVVHU
DEÀVVH LP 9HU]DKQXQJVEHUHLFK YRQ 5KHLQ
XQG ,OOHUJOHWVFKHU GHXWVFKHV $OSHQYRUODQG
± =HLWVFKULIW IU *HRPRUSKRORJLH ]XP 'UXFN
DQJHQRPPHQ
%2(1,*. :  6FKZHUPLQHUDODQDO\VH
± 66WXWWJDUW(QNH
'(876&+( 675$7,*5$3+,6&+( .200,66,21 
6WUDWLJUDSKLVFKH7DEHOOHYRQ'HXWVFKODQG
±63RWVGDP
'233/(5 *  =XU *OLHGHUXQJ YRQ bOWHVWHQ
3HULJOD]LDOVFKRWWHUQ XQG bOWHUHQ 'HFNHQVFKRW
WHUQ LP 5RW*Q]*HELHW 2EHUVFKZDEHQ XQG
%D\HULVFK 6FKZDEHQ ± =HLWVFKULIW GHU 'HXW
VFKHQ*HRORJLVFKHQ*HVHOOVFKDIW154/2-3
6WXWWJDUW





WLRQ )ORUD )DXQD.OLPD XQG5HOLHI YRQ0LW
WHOPLR]lQELV4XDUWlU]ZLVFKHQ$UOEHUJ9RUDUO
EHUJ7LUROXQG$GHOHJJ$OOJlX±0LWWHLOXQJ




(,&+/(5 +  'DV SUlZUP]HLWOLFKH 3OHLVWR
]lQ ]ZLVFKHQ 5LVV XQG REHUHU 5RWWXP ± +HL





%(1'$ / +UVJ 'DV 4XDUWlU 'HXWVFKODQGV
6WXWWJDUW%RUQWUlJHU
)(=(5) 7LHIHQYHUZLWWHUXQJFLUFXPDOSLQHU















 ± +HLGHOEHUJHU *HRJUDSKLVFKH$UEHLWHQ
49+HLGHOEHUJ
+$$*7 'DV0LQGHOJOD]LDO GHV QRUG|VWOL
FKHQ 5KHLQJOHWVFKHUV ]ZLVFKHQ 5L XQG ,OOHU
± -EHU 0LWW REHUUKHLQ JHRO 9HU 1 ) 64
6WXWWJDUW
+$%%( . $  *OLHGHUXQJ XQG 'DXHU GHV
3OHLVWR]lQV LP$OSHQYRUODQG LQ 1RUGZHVWHXU
RSD XQG LP PDULQHQ %HUHLFK ± %HPHUNXQJHQ
]X HLQLJHQ QHXHUHQ .RUUHOLHUXQJVYHUVXFKHQ
± =HLWVFKULIW GHU 'HXWVFKHQ *HRORJLVFKHQ *H
VHOOVFKDIW154/2-36WXWWJDUW
+$/'(5:  'LH 2EHUH 6ZDVVHUPRODVVH
GHV +RFKJUDWIlFKHUV ± $UEHLWHQ GHV ,QVW IU













WHUDEODJHUXQJHQ LQ GHU Q|UGOLFKHQ ,OOHU/HFK
3ODWWH +HLGHOEHUJHU*HRJUDSKLVFKH$UEHLWHQ
45,;+HLGHOEHUJ







5g*1(5 .  *HQHVH XQG 6WUDWLJUDSKLH GHU
lOWHVWHQ 6FKRWWHU GHU VGOLFKHQ ,OOHU/HFKSODWWH
%D\HULVFK6FKZDEHQ  (LV]HLWDOWHU XQG *H
JHQZDUW36+DQQRYHU
6&+b'(/ .  'LH 6WUDWLJUDSKLH GHV $OWGL







(LV]HLWDOWHUV )RUVFKXQJHQ LQ VHLQHP.HUQJH
ELHW]ZLVFKHQ5LXQG/HFK7H[WEDQG6
6WXWWJDUW6WHLQHU
6&+/h&+7(5 &  $ QRQFODVVLFDO VXPPDU\
RI WKH4XDWHUQDU\ VWUDWLJUDSK\ LQ WKH1RUWKHUQ
$OSLQH )RUHODQG RI 6ZLW]HUODQG  %XOO GH OD





8QWHUVXFKXQJHQ LQ GHU 8PJHEXQJ YRQ ,QWHU
JOD]LDOYRUNRPPHQ LP |VWOLFKHQ XQG VGOLFKHQ
,OOHUJOHWVFKHU9RUODQG  +HLGHOEHUJHU *HRJUD
SKLVFKH$UEHLWHQ376+HLGHOEHUJ
6,113=XU6WUDWLJUDSKLHXQG3DOlRJHRJUD










:(,'(1%$&+ )  %LOGXQJVZHLVH XQG 6WUD
WLJUDSKLH GHU GLOXYLDOHQ $EODJHUXQJHQ 2EHU
VFKZDEHQV±1-E0LQHUDOX*HRO%HLO78
$EW%6WXWWJDUW
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